Abstract: Digital elevation models (DEMs) with high-resolution spatial accuracy are increasingly used for coastal zone management. Unmanned Aircraft Vehicle (UAV) photography-based methods and light detection and ranging (LiDAR) are nowadays the most used systems for producing large scale 3D point clouds and DEMs. This paper focuses on some experimental studies case of coastal monitoring survey conducted using images acquired by UAV, a drone equipped with a non-metric camera combined with other water sensors like turbidity probe and echo sounder. The methodology regards different applications for shallow water bathymetry and beach ridges survey, beach litter and dredging turbidity mapping.
Introduction
Monitoring, evaluating, reporting activities as well as adaptive management approaches are widely recognized as fundamental components of any effective coastal protection policy [1] . Implemented management measures [2] are also important in terms of understanding how planning and decision-making in adaptive maritime spatial planning (MSP) may be improved. Very high spatial resolution remote-sensing images and DEMs are widely used in monitoring of marine environments [3] and are important tools for integrating coastal management (ICZM).
Nowadays three-dimensional data, acquired mainly by LiDAR and UAV systems, are the most used technologies for coastal survey [4, 5] . UAV technology has inherent advantages, such as full coverage of areas of interest and very high accuracy and the ability to quickly deliver high temporal and spatial resolution image information [6] .
Demand of aerial photogrammetry has increased especially after development of design, research and production of UAV platforms [7; 8; 9] .
The UAV systems like drones are a valuable source of data inspection mapping and 3D modeling [6] . Applications are different as like precision agricultural analysis, archaeology, as well as land or coastal monitoring [10, 11] .
Drones are also a low cost and easily transportable systems able to collect data in a short time.
Structure from Motion (SfM) photogrammetric technique is a time saving monitoring of coastal areas derived from a three-dimensional surface reconstructions, from a series of overlapping photographs.
The subject of this study are certain coastal monitoring applications of using images acquired by a low cost UAV that could become useful tools in supporting coastal management.
Photogrammetry, classical surveying, or the integration of aerial remote sensing with global positioning system real time kinematic surveys (RTK-GPS) were used to collect and analyzed three-dimensional (3-D) data along the beaches [13] .
In this paper we will analyze four new study cases located along the Italian coast:
A) Investigation of turbidity caused by dredging activity at the mouth of the Magra river (Tuscany); B) Beach litter mapping at San Rossore Park (Tuscany); C) Comparison of two methods based on LiDAR and UAV acquisition for the reconstruction of small beach ridges morphologies at the delta of Ombrone river (Tuscany); D) Very shallow water bathymetric survey near Bari (Apulia).
Materials and Methods
UAV-based photogrammetry is an acquisition and processing method to obtain a DEM and orthoimages of an investigated area. Ground control points (GCPs) are necessary for georeferencing the images.
Once programmed the flight mission and data acquisition, with dedicated software products, images are automatically recorded by an onboard camera. A good images overlapping is fundamental for the quality of the results. The result of the processing is a dense 3D point cloud; points are then filtered by error and interpolated by creating a mesh.
The UAV used in this study was a DIJ Phantom 3 drone equipped with a 12.4 megapixel non-metric camera and a 14 mm F/2.8 lens having a diagonal viewing angle of 94°. The camera was set to automatically shoot one image every second. Flight attitude was set in order to obtain images with ground resolutions better than 5 cm.
Image processing was mainly performed with Photoscan, ENVI, Pix4D and ArcGis 9.3. These software applications allowed images correction and orientation, extraction of point clouds, production of an ortho-photo mosaic, and creation of DSMs [14] with 10 cm grid spacing and vertical accuracy (RMS) ranging from 3 to 5.0 cm. The assessment of accuracy depends on camera resolution, flight altitude and speed, and the number of GCPs.
Together with the UAV survey other sensors were used to perfect four different applications for coastal monitoring.
Results
Four study cases are described below in detail to illustrate different UAV applications for low-cost coastal monitoring.
Mouth of the Magra River -Dredging turbidity monitoring (A)
Magra river is located in the North of Tuscany close to the Liguria Region border (Figure 1 ) flowing into the Tyrrhenian Sea following a dendritic pattern [15] . Limestone, sandstone and limited outcrops of massive rocks, where erosion is active, characterize the river valley and the morphological changes of the riverbed are related to variations in water discharge [16] .
The study area of the mouth of the Magra River is located near a beach which is largely frequented during the summer season. This is the reason why an accurate and constant monitoring of the dredging is fundamental to prevent any bathing problem, especially for the dredging plume expansion. Dredging activities are subject to growing environmental regulations and sediment plumes behind ships can not exceed specific threshold Remote sensing techniques from satellite have been widely used for water quality studies in coastal regions and in inland lakes [17, 18, 19, 20, 21, 22 ] also for dredging monitoring [23, 24] .
A turbidity survey conducted by using drones has advantages of high spatial detail with high frequency and flexibility.
On July 2016, during a dredging operation, 19 water samples were taken using a parametric probe (OBS) to verify the turbidity of the river mouth water (Figure 2 ). During the survey the dredge barge was positioned close to the samples 15, 16 e 17, where a maximum value of turbidity was detected.
The data logger was immersed in the waters down to the bottom of the river so that turbidity values could be collected at several depth. All the data have the exact position in Wgs84 UTM32 measured with an NRTK GPS. (Table 1) . Turbidity values range, in term of concentration of suspended particulates, was from 1.58 to 63.54 nephelometric turbidity units (Ntu). The elevation flight was imposed at 250 m in order to produce wider pictures necessary for georeferencing with few GCPs. Early morning hours were chosen to avoid the effect of mirror-like reflections. Because of the impossibility of having GCPs on the water surface every single picture has been separately georeferenced using its GPS position and yaw, then merged together to compose an orthomosaic map. Finally the georeferenced tagged image file format (GeoTIFF) was better georeferenced using 3 GCPs on the land side and processed in order to obtain the final orthophoto of the investigated area ( Figure 3 ). Regression models was established to find the optimal correlations between the water quality parameters (Ntu) at the water surface and the grayscale pixel values (Figure 5a ).
Linear regression equation was:
Other attempts were made using red and blue frequency but with higher RMSE. The result obtained was a map of the diffusion of the superficial turbidity stretched between maximum and minimum Ntu values (Figure 5b ). The cell pixel of the map was set at 5x5 m. The survey was repeated during the following days in order to monitor all the dredging phases. The San Rossore Regional Park is located in the central Tuscany coast (Figure 6 ) between the rivers Serchio and Arno. The Park contains many different ecosystems, a rich biodiversity and a wide wet area near the mouth of the Arno River. The coastal ecosystem is mainly formed by ponds and dunes created by the sediments deposition occurring at the river estuary [27] . During year 2016 the park opened to public the protected beach previously kept inaccessible to summer tourism. Several actions and guidelines by the local Government and Environmental associations are usually taken and issued, in order to provide a unique tool to solve the beach litter problems.
Today the beach litter and driftwood tree branches are two of the main problems that afflict the marine and coastal ecosystem. At this time the most commonly used method is monitoring through a manual survey [28, 29] and few remote sensing methods have been applied to solve the problem [30, 31] .
On May 2016 a survey was carried out for monitoring beach litters quantity using UAV images.
Investigated test area was large approximately 10.000 m 2 ( Figure 6 ).
A low altitude flight (20 m) for a detailed survey was performed at 5 m/s speed. Ten GCPs were measured using a GPS RTK. Initially a GeoTIFF was elaborated using Agisoft photogrammetric software, afterwards the GeoTIFF was processed with ArcGis 9.3 to isolate the beach litter and an elaboration was made in order to calculate the amount of waste present on the site.
A dedicated elaboration methodology was used and showed in a zoomed area of 100 m 2 ( Figure 7a ).
Firstly a tracing edges tool was applied to enhance the vision of all the material present on the surface of the beach (Figure 7b ). Secondly the colors of previously selected objects were enhanced This methodology could be a useful tool for monitoring the impact of tourism along our beaches or quantifying the beach litter deposition after a storm has occurred.
A disadvantage is on the contrary the impossibility to detect small and transparent objects or taking in account only superficial elements.
In addition to the beach litter quantification a computation of the volume of the driftwood washed onto the shore of a sea has been done. PhotoScan allows not only to generate and visualize dense point cloud but also to classify the points in different class. Automatic classification procedure consists of two steps. At the first step the dense cloud is divided into cells of a certain size. In each cell the lowest point is detected. Triangulation of these points gives the first approximation of the terrain model. The following parameters have been set: max angle, max distance and cell size. In this way was possible to separate the DEM with driftwood and the DTM with the rest of flat beach. The difference of the two models surfaces gave the volume of the driftwood in the area: about 700 m 3 .
The delta of the Ombrone river-Small beach ridges mapping (C)
The delta of the Ombrone River is located in south of Tuscany and, according with the Galloway's ternary diagram it is a wave dominated delta [32, 33] . The physiographic unit includes Castiglione della Pescaia on the north to Monti dell'Uccellina on the south. Such entire coastal delta belong to the National Park of Maremma ( Figure 9 ). It is an extremely flat area marked by the presence of beach ridges, coastal progradation morphologies associated to the ancient shorelines [34] . 
San Giorgio beach -bathymetry (D)
This test area is a small strongly anthropized 300 m long beach located near San Giorgio (Bari) in Apulia ( Figure 11 ). The area is characterized by a coarse beach and by the presence of rocky outcrops even in the submerged beach.
On March 2015 a combined bathymetric survey was carried out using both a small boat equipped with GPS and single-beam echo sounder and an UAV photogrammetric technique. A GPS RTK survey was also conducted on the emerged beach. Figure 11 . San Giorgio coast study area
The scope of that study was to integrate these combined methodologies, traditional bathymetry and UAV survey, in order to achieve some improvement and optimization in the execution of beach and shallow water hydrographic surveys. Remote sensing bathymetry is widely applied generally using a multi spectral approach by satellite images [38, 39, 40] also along the rivers [41, 42] .
This application regards the use of a very low cost technique composed by a light drone and an RGB camera.
Three different flights (30, 50 , and 80 m) with routes in perpendicular directions (NS, EW and NS)
were performed. Also in this case early morning hours were chosen to avoid the effect of mirror-like reflections. Nine GCPs also in submerged beach (5) The UAV survey extended from the street down to about 3.5 m below the sea level. In order to increase the accuracy for the submerged beach survey and water penetration, the camera was equipped with an external band-pass filter to permit narrow-band acquisition and highlight the frequencies of the color blue [43, 44] . The images were processed through the ENVI 4.5 and ArcGis 9.3 software where radial corrections and air-water refractions were processed [45, 47, 48 ]. An automated process was also applied to improve the quality of the colors of the image and reduce perturbations [46] . Finally PhotoScan was used for the subsequent creation of the DTM and orthophoto.
The accuracy of the methodology was tested by comparison of the DTM obtained with the differential GPS and single-beam survey, with that one obtained by the drone. The comparison of the two DTMs was made by calculating the differences in elevation. Considering only the emerged beach, the average difference between the values of the DEMs obtained with the UAV and the topographic survey, measured on 86 check points, was 8 cm. In the submerged beach differences in 127 check points has been calculated. Up to the depth of -2 m an average difference of 16 cm was obtained with a maximum difference of 52 cm for a single point ( Figure 13 ). The proposed technique shows considerable advantages especially for very shallow water survey where 100% coverage data is not easily obtainable by any other technology other than expansive airborne bathymetric LiDAR. Also multi beam echo sounder survey can't properly work at this low depth.
Furthermore the shoreline at 0 m elevation referred to the local vertical datum can be easily extracted from the foreshore and the shoreface DTM; a useful information for all beach erosion monitoring programs.
Results show a degree of accuracy almost comparable to a traditional single-beam survey in very shallow water up to 2-3 meter deep. Clarity of the water and the presence of outcrops on the sea bottom, for aerial triangulation and bundle block adjustment were also important factors that helped achieving the result and outputs shown in this paper. This method is valid for monitoring submerged hard coastal protection structures as well.
Single beam bathymetric surveys are also usually slow, expensive and incapable of acquiring homogeneous and full coverage data. They are often associated with bathymetric LiDAR and satellite images but both these remote sensing technologies have disadvantages caused by cost and useful acquisition times for many monitoring purposes.
Discussion and Conclusion
The fundamental principles of coastal monitoring include assessing of costs and benefits, vantage and disadvantage before deciding whether to proceed. Appropriate monitoring programs were here analyzed, based mainly on the use of UAV technology. The paper presented different procedures for costal monitoring using the combination of UAV imagery and photogrammetry with other sensor or instruments such us turbidity probe and single beam echo sounder. This allowed us to avoid encountering disadvantages associated with each individual techniques and to implement a more complete methodology for a low-cost coastal monitoring like turbidity, beach litter mapping ,topographic and bathymetric survey. A highly accurate DEM, created using UAV, is the final result to visualize both superficial and submerged morphologies. In addition, the comparison with point cloud, and derived DSM, shows absolute higher accuracy than a LiDAR survey in the case of small morphologies mapping. Furthermore, UAVs provide a low-cost means for imagery collection. The speed of acquisition and processing is a useful methodology, both as a supplement for long-term environmental review and monitoring and for initial coastal assessment, like for a rapid management and assessment of the potential risk in coastal areas.
